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TABl£S--C»iicluJ«d 


IKnODlCtlON 


Inddvcrcenc^y  concerning  tl 
les.  however,  finally  have  enten 


1 Co  harmless  products. 


I fertlllcy,  the  as 
sidue  problems  of  tl 


legislative  approval . 


neblsdi thlocarbanace , 


residues  arising  from  the  use  of  line  ethyle 

groves  was  Introduced  about  this 
seedlings  as  Che  Indicator  plant 
fa)  to  study  the  effects  of  elnet 
of  citrus  seedlings  at  several  ct 
of  zineb  exposed  to  sunlight  on  the  seedling 
composition,  (c)  to  evaluate  Che  effects 

of  degradation  of  the  zineb  and  the  dl chlocarbamace  by  solution. 


decided  to  use  citrus 

;h  and  chemical  composition 
(b)  CO  determine  the  effect 
growth  and  chemical 


and  microbial 


LOERAIURE 


ApplH 


citUopu  by  CKiilag 


:he  ylfid  of  mdrkeCdble  fruit.  Of  th( 
It  discovery  wes  made  by  Fisher  [18. 


between  July  2 end  August  3.  Russe' 
tested.  In  1957.  she  resorted  (20) 


ind  Ouncen  grepefruit;  i 
gallons  of  water  In  dpi 


rlln,  Pineapple, 
was  appi led 


a solution  containing  0 
she  eaemlned  them  In  tl 


(Al)  reported  that  rust  nites  were 

39.  ^0,  69}  confirmed  the  original 
as  a post'bloom  and  sunnier  miticlde  for  cit 
Johnson  e^^.  (hi)  that  the  half-life  of  2 
five  deys  compared  to  tineb  with  parathlon 


r«sulted  from 


e Indirect  benefit  from  the  reduction  In  the 
when  2ineb  ceme  into  use,  jpproximece ly  50,01 
used  ennuelly  for  Che  control  of  rust  mice, 


In  the  I960-I9SI  SI 
Griffiths  (23)  attributed  l 


Oeconaos  1 1 1 on  o 
reviewed  77  references  > 

Identified,  These  Included 
echylenechlouree,  ethyleneth 


le  speculation  Chet  the  rust  lelte  had 

'SS  effective  since  the  elneb  was 
ocirbainetes.-*Luihilq  end  Thorn  (b?) 

disulfide,  ethylenethlureei  monosulf Ide, 


The  degredetlon  of  zlneb  In  2.5  ^ '***  found  by  Clarke  ^ e],.  (9) 

2,  30  end  93  hours  at  pH  b,  5,  end  6,  respectively.  They  observed  thee 


typt 


id  Tbora  {47}  ud  Coluoyc 


cooipUjtafl  Aod  chac  cbli  propatty  nlBbc  apply  in  very  dilute  aolutlons 


4l-(70). 


BTolooteal  Activity  of  2ii^eb,**To  as 
Hanten  (SI]  developed  a roll*cultura 

cinofda.  Penici  I Ifurn  I taUcutn.  Asparaf  I lus 
K1oppld9  and  Van  dar  Kerk  (Wt),  using  a sin 
tka  method  of  preparation  Influenced  the  deg 
zineb,  They  noted  that  mhen  the  salt  soluticr 


concentrated  s> 


effective  thi 


. (?)  51 


e tonicity 


by  lengthening  the  aliphatic 

the  fungi  hy  zineb  resulted  I 
essential  to  certain  enzyme  a 

(Ml)  disagreed  with  the  above 
activity.  They  pointed  out  t 
systems  In  combination  with  naban  did  posse 
they  also  concluded  that  the  tonicity  of  H, 
was  too  lov  to  account  for  the  high  funglcl 
bamates.  They  suggested  that  the  toxicity 


of  polymerization  of 
were  diluted  conslder- 
Izatlon  was  lessened  and 
lar  weight.  When  highly 
molecule  was  produced 

rat  and  Horsfall  (I)  and 
fungi  could  be  decreased 

ed  that  the  tonicity  to 


he  decomposi 
s toxicity. 


the  fungicidal 
ssoclated  with  the  enzyme 
fungistatic  activity  and 
formed  from  dithlocarbamate 
activity  of  dlthlocar- 
due  to  Che  formation 
They  compared  the 


fungistatic  activities  of  dl thlocerbamates  and  the  corresponding 
dllsothlocyanates  and  took  Into  account  the  decrease  In  solubility  as 
the  length  of  the  aliphatic  carbon  chain  Increased  In  these  evaluations, 

reports  of  Injurious  effects  to  plants  from  the  use  of  tineb  (Id.  73. 
7h).  The  Injury  was  usually  stunting  generally  associated  with  necro* 
tic  spots,  and  was  most  severe  where  nabam  was  used  In  combination  with 


f nitrogen  being  ut 1 1 1 zed  ai 


and  S35  Indicated  t 
« translocated  Into 


applied  t( 


of  S35  where  gro* 
ethylenethlourea 


s Inhibit 


neb  to  give  beneficial  grcnrth  effects, 
sn  from  zineb  (I7J  with  the  possibility 
ndlcated  with  ferbacn  (57). 

S Tomizawa  (65)  using  zineb  labelled 

t.  Distribution  of  the  S35  from  zineb 

greenhouse  experiment  using  a sand-compost  mixture 
Cochrane  (30)  observed  a reduction  In  the  relative 
’ the  rhizosphere  of  bean  plants  after  the  leaves 
zineb,  They  suggested  a translocation  of  material 
and  loss  through  the  roots  to  the  soil, 

Dekhuljzen  (lb)  found,  more  recently,  that  when  the  fungicide, 


Earlier,  In 
ai 


seedlings 


he  coutd  noc  recover  the  compound  from  the  plant  tissue  but  he  could 
Identify  three  unknoun  fungi-toxfc  compounds  which  by  paper  chroma- 
tography possessed  values  of  O.Oj,  0.27  and  0.5ft.  Raslander  at  al . 
(<i2)  Isolated  the  compound  with  the  R,  value  of  0,58  and  identified 
It  as  Che  R-gTuco$lde  of  dlmethyldl  thlocarbanate,  The  following 
year,  Kaslander  ^ (1*3)  isolated  the  compound  with  the  R^  value  of 

0.27  and  Identified  It  as  ^-dlmethylthlocarbamoylthToalenl ne.  These 
compounds  were  likely  synthesised  within  the  plant. 

Soil  studies  with  sineb.— At  the  time  when  sineb  was  being 
extensively  tested  as  a fungicide  spray  for  plants,  It  also  was  being 
investigated  for  Its  effects  on  the  nlcr^lal  population  of  the  soil 
and  as  a possible  agent  against  solt-born  plant  diseases.  Jacques 

Inhibited  nitrification  for  17  days  and  2. I X ID-3  moles  per  kg,  of 
soil  caused  a lag  of  ISO  days.  In  these  studies,  the  soM-percolal Ion 
technique  was  used  with  a fox  sandy  loam  soil.  Hildebrand  ^ (35) 

and  Hoore  and  Conover  (56)  found  that  zinob  was  not  effective  against 
soil-borne  diseases  of  young  seedlings,  Ranney  and  Bird  (Sft)  showed  with 

the  soil  varied  with  temperature.  The  results  of  the  work  of  Bird 
e^  a^.  (6)  suggested  that  soil  type  affected  the  fungicidal  efficiency 

Interaction  of  Magnesium  and  2lnc 

The  Interaction  between  Mg  and  2n  was  observed  by  Merrill 
et_  at_,  (5k)  while  working  with  tung  trees  In  a 2n-deficlent  area.  When 


k has  been  dona  by  Seats  (66)  on  thfs  li 
h pH  was  associated  with  2n  deficiency  ^ 


1 N Hg(0Ac)2 


Accordingly  he  reasoned  that  Hg  could  substitute  fc 
In  an  insoluble  2n  ccmpound  thereby  releasing  2i 
He  concluded  that  this  Interaction  might  occur  » 
than  within  the  soil  because  essentially  the  sar 
able  2n  was  obtained  either  by  extracting  the  s< 
or  I N NH^OAc.  Heslop  and  Robinson  (32)  reported  the  Ionic 
radii  to  be  0.7AA  and  0.65A  for  2n**  and  Mg**,  respectively. 

Sorrows  and  Gannon  (3)  reported  that  the  effect  of  2n  on  Mg 
uptake  depended  on  the  relative  concentrat Ion  of  these  ions  supplied  to 
tung  trees.  They  proposed  that  the  2n  has  an  Initial  complementary  effeci 
on  the  Hg  uptake  probably  caused  by  exchange  reactions,  with  Increased 
2h  supply,  the  2fl  competed  with  Hg  on  the  root  surfaces  whereby  an 
antagonism  between  these  two  Ions  night  occur,  A final  complementary 
effect  was  explained  as  Hg  and  2n  substitution  In  the  protein  complexes 
of  the  root.  The  Arredondo  loamy  fine  sand  used  In  their  experiments 
was  much  less  subject  to  the  above  Interaction  than  was  the  Lakeland 
fine  sand  that  they  studied. 


CBAnet  HI 
tUTEKULS 


r«ceatly  lined 


1 ^ m wldi  ID  ajcehecge  upeclcy  o£  7.1  me.  per  100  s.  of  Mil.  Floe 
pectlclee  of  egriculCucel  llneetooe  could  be  ieen  emoag  eha  eeod  gralee 


' bocleoo  eltlila 


of  oodO.  Xbo  surfocs  0 iDcbea  of  this  ooll  uao  dork  groy  In  coLot 
with  0 pH  of  6. OS  io  tutor  ond  5,5S  la  L g BEL  nod  had  an  owhanso 


rlae  within  a oonouhat  poorly 


OalnaavlUa,  Florida.  Thla  Mil  vaa  cboraccoilaclc  of  chip  toll  type 


of  2 loctaaa  oad  o light  gray  A2  borlaoa  eztondlog  to  an  ocganlc  coonotad 
hardpoa  at  08  Inehaa.  Tbo  A2  horlaon  of  this  toll  was  cboaaa  for 


6,60  Id  wator  and  0,75  la  1 El  and  It  hod  a watex^holdlog  capMity 


30  nlnut«Si  and  fMterTng  through  che«iecloth. 


prepared  Just  before  uaing  and  waa  thoroughly  shaken  Just  before  the 

percent  organic  natter  in  these  Arredondo  and  Leon  extracts  were 
0,0939  and  0.0A28  respectively. 


Fertll Iters 

6-b-6  FertT  I lter."A  coemercial  fertilizer  derived  from 

magnesia,  Peruvian  guano,  activated  sewage  sludge,  tobacco  stems, 
e sulfate  and  copper  sulfate  with  dolomite  as  i 
• part  of  the  experiments.  The  complete  tag  ana' 


B«2"B  Fert 1 1 Iter ,--A  comnerclal  fertilizer  of  l**7*5  grade 
derived  from  amnonlated  superphosphate,  anvnonlun  nitrate,  nitrate  of 

d 6,9  per  cent  HgO  and  0,20  per  cent  HnO  whereas  the  othei 
resent  but  contained  the  0,20  per  cent  hnO, 


Chemicals 


DTthiQcarbfl«nateg."Two  connercfal  necal  sa 


tngratfrant  and  a 2n  con 


im  ethylenabts- 


actlva  ?ngredlent. 

le  capacTty  of  b,S  ma 


In  experlmncs  Mhera  2n  t 
raOlscillad  fran  glass. 


>a  daterni nad  was 


r daionl zed  or 


le  one-year-old  sown  orange  seedlings  fCItrus  auranllutnl  ai 
in  seedlings  (Citrus  iambhlrll  used 


seed  were  extracted  from 

consisted  of  using  some  different 
the  minor  elements. 


HjHoO^-KjO  (B5X  H0O3)  “ 

0.05  ppm,,  respectively,  in  the 


'ees  In  Hillsborough  County, 

Solutions 

: Ho.  2 solution  (35)  was  used.  It 
sjrce  materials  and  deleting  the  2n  from 
of  the  solution  that  were  modified  are 
itlons  end  the  HgSO^  solution  were 
tetrachloride  for  further  purification. 


I njouj,  , 


at  concentrations  oi 
‘lent  solution. 


AUUl 


■Ddiftctlao 


Uo«siaDd'«  Ho.  2 Solution 

Hcdlflca 

1 

NoUrity  of 

.0010 

^PO^J^.KjO 

.0009 

.0»0 

cs(i>,),-4a,o 

‘ms 

HS^O^^TKjO 

ANALTTIUi  MnHODS 
Chemical  Analysis 

Preparation  for  analysis 

Leachates.— The  leachate  collected  from  each  of  the  lysimeter 
jars  was  filtered  through  Whatman  No.  U2  filter  paper  and  a 1,000  ml. 
aliquot  was  taken  to  dryness  on  a hotplate  at  a low  temperature.  The 
organic  matter  In  these  residues  was  destroyed  by  treating  with  10  ml. 
of  concentrated  NNO^ , S ml.  of  72  per  cent  HCIO^,  and  taken  to  dryness  at 

ml.  of  0.5  N hCI  and  made  to  a volume  of  I QO  ml.  for  analysis. 

Leaves." Leaves  were  collected  from  the  plants  and  dried  In  an 
oven  at  70°C.  without  washing.  The  entire  sanple  was  digested  In  100  ml. 
of  concentrated  HNO^,  or  more  if  necessary,  until  a clear  light  amber 
color  was  obtained;  then  2$  ml.  of  72  per  cent  HCIOi,  was  added  and  the 
samoles  were  teken  to  dryness  at  e low  temperature,  The  residue  was  taken 

with  e strong  stream  of  tap  water  fallowed  by  a rinsing  with  deionized 
water.  They  were  dried  at  70°C.  and  the  entire  root  system  was  digested 
and  made  to  volume  as  described  for  leaves  above. 

Roots  of  the  seedlings  growing  In  soli  were  placed  on  a plastic 


, digesced,  artd  made  Co  volume  as  described  above. 

4.0  for  Zn  analysis.  A 50*mt,  portion  of  this  extracting  solution  was 
added  to  10  g.  of  fresh  soli,  which  was  calculated  on  the  dry  weight 
basis,  In  a lOO-ml,  polyethylene  centrifuge  tube,  stoppered,  and 
vigorously  shaken  for  15  minutes.  After  centrifuging,  the  supernatant 

Soii  samples  from  the  iysinecer  experiment  were  extracted  with 
50  ml.  of  O.l  N HCl  for  Zn  analysis  by  shaking  10  g.  of  dry  soli  for 
30  mlrtutes  arvd  filtering  through  a Whatman  No.  42  filter  paper. 

Extracts  for  NH.*N  and  SO^-S  were  obtained  by  shaking  25  g.  of 
fresh  soil,  calculated  on  a dry  weight  basis,  with50ml.  of  a 10  per 

30  minutes.  Aliquots  were  taken  for  NH,''N  arrd  SO.-S  from  the  super* 

The  MQ^-N  was  extracted  by  using  a modification  of  the  procedure 

with  50  ml,  of  0,02  N CuSO^  and  0,004  N Ag^SOr,  In  a 100  ml.  polyethylene 
test  tube.  Then  0.1  g.  of  Ca(0H)2  was  added  arvd  the  samples  were 

of  HgCO^  and  shaken  for  5 minutes  again.  After  centrifuging,  the  clear 


>s  described  below. 


Calcium.  "Calcium  was  determined  on  a Beckman  OU  Flame  photo- 
meter at  a wavelength  of  423mu  and  a silt  setting  oF  0.06  using  a 
Hg-O^  Fuel  SYstem,  The  ccmpenaatlng  solution  was  made  by  adding 
32.3  g.  of  ethylenedlsmlne  tetraacetlc  acid  (EDTA),  3,64  g,  of 

4.12  g.  of  (NH4)2S04.  and  6.2  g,  of  N3BO3  to  900  ml.  of 
distilled  water,  adjusting  the  pH  to  8.6  with  NH.OH,  and  diluting  to 
1,000  ml,  Two  ml,  of  this  compensating  solution  were  added  to  a flama 

to  standards  prepared  In  like  fashion  with  0,  90,  100,  200,  250  ppei. 


As  Indicated  In  appendix  table  1,  this  method  gives  slightly 
lower  results  than  the  Versene  titration  method  (37)  but  It  has  the 
advantage  of  balng  relatively  fast. 

Carbon  dioxide. **The  absorbed  earbon  dioxide  from  the  micro- 
biological degradation  studies  was  precipitated  as  carbonate  by  the 


addi  t Ion  of  1 0 sil , of  a 20  per  cent  Bi 
absorbing  solution.  The  excess  NaOH  t 
phenolphthaleln  as  the  indicator,  frt 
tlon  and  the  original  NaOH  present  tin 

Copper. --Copper  was  determine) 
An  aliquot  of  the  sample  was  placed  Ti 


s titrated  with  0.1  N 1 

mg.  of  C In  the  CO^  we 
OH)  - (ml . X H of  HCI 1 


0.5  H K, 


NHjON'HCI  solution  were  added  and  mixed  well.  The  pH  was  adjusted  to  the 


NH4OH  solution. 


0.02  per  cant  ?,  2’  blquTnoDna  sotucfon  In  r$o*anry1  alcohol  ware  addad 
to  tha  separatory  funnel  and  shaken  vigorously  for  1 minute.  After  the 
layers  had  separated,  the  organic  phase  was  transferred  to  a I5~ml. 
centrifuge  tube  and  placed  In  the  refrigerator  for  1$  minutes  before 
centrl fuging,  A standard  curve  containing  0,  S,  10,  20,  and  30ug.  of 

read  at  a wavelength  of  SkOnu  on  a Beckman  Hodel  B spectrophotometer. 

(6k).  An  aliquot  was  transferred  to  a 50-ml.  Pyrex  beaker,  and  I ml. 

solution  of  I,  10  phenanthrol Ine  were  added.  Twenty  ml.  of  a 23  per  cent 

1,000  ml.  were  added  which  resulted  In  a pH  of  3.S  to  k.O,  A standard 
curve  was  prepared  from  0,  10,  20,  ko,  and  60ug>  of  Fe  In  Ilka  fashion. 

reading  at  5IOsu  on  a Becldnan  Model  B spectrophotometer. 


In  the  Ca  determi nation  at  a wavelength  of  37lmu  t 

very  well  with  Hehl Ich* s colorimetric  method  (33). 

Manganese. — Manganese  was  determined  by  th< 
(6k).  An  aliquot  was  transferred  to  a I00*ml.  beal 
of  concentrated  HjBOt,  and  taken  down  to  SOj  fumes. 


ie  aliquot  used 


periodate  method 


AgNO.  Mre  added.  ApprojiTniately  0.3  Sdam  of  potassium  meta~perlodate 
was  added  to  the  mixture  after  It  had  cooled  slightly  from  being 

100  ml.  The  samples  were  read  at  52Sbiu  using  a Bechman  Model  B 

and  I^Oug.  of  Hn  and  treated  In  the  same  fashion  as  the  samples. 

At  times  this  method  was  modi  fled  to  allow  for  final  volumes 
of  10,  25.  and  50  ml . for  the  determination  of  smal ler  quantities. 


reagents  prepared  as  described  by  Jackson  {37).  An  aliquot  was 
transferred  to  a ?5~ml,  volumetric  flask  and  2 ml,  of  a 10  per  cent 

20  ml,  and,  while  shaking,  1.25  ml.  of  Messier’s  Reagent  was  added 
rapidly.  The  samples  were  made  to  a 25  ml.  volume,  mixed,  and  after 

Beckman  Model  B spectrophotometer.  A standard  curve  using  0 to  50pg, 

addition  of  high  concentrations  of  sucrose  to  some  soli  samples,  a modi- 
fication with  permutit  (251  was  used.  Approximately  0.5  g.  of  permutlt 
was  measured  Into  a 25-ml . volumetric  flash  and  washed  with  about  10  ml. 
of  distilled  water  to  eliminate  the  fine  particles.  After  the  fine 


in  tile  pr«viou$  paragraph. 


n Chapter  IV  was  taken  to  dryness  in  an  S-em,  evaporating 
due  In  the  evaporating  dish  and  allowed  to  react  for  10 
N NHt,0H,  as  Indicated  by  the  appearance  of  a bright  yallow 
voluine,  mixed,  and  read  at  ()20r,Liwlth  a Beckman  hodel  B 


spect  rophotometer, 

e samples  were  made  to  a 50-m1 , volume. 

volumetric  flask  and  20  ml , of  d I st 1 1 led  water  were  added.  This  was 
followed  by  5 ml,  of  a 2.5  per  cent  solution  of  anvnonlum  molybdate  In 
5 N HjSOf,  and  1.5  ml.  of  l-amIno-2-naphthol*k*Bul fonic  acid  reagent. 


matter  after 


Thli  vms  pr«p«red  by  addins 


Trananlecaaca  uaa  coi^ared  Cd  ataodarda  praparod  lo  eha  aana  t:iannar 
containing  0.  20,  40,  bO,  80,  and  100  n9<  ol  P at  660  nu.  ualng  the 
Baclonaa  Modal  8 apacCrophotovaatec  In  tba  Interval  of  5 Co  16  oiiwtaa 


.amlnad  on  tba  aaoc  aliquot  uaad 


loacbod  (4)  ucilialng  an  aeccaa  of 


A S0>iil,  aliquot  uas  coacenCTated  down  Co  20  nl. ; 10  at,  of  uhlcb  uas 


uaad  for  the  aulfaCo  doeannlnacloa  ublla  Cbe  other  portion  uaa  uaad  aa 
a blnk.  To  the  portion  that  wa  used  for  the  aulface  detamlnatlon, 

1 el.  of  m 8 par  cant  Kl  ioluclon  and  1 g.  of  30-to  60-neth  BiCl2  veto 
added.  The  aaoplaa  vere  abaken  for  5 nlnueoa  and  read  within  the  nett 
25  nlnutaa  at  a wovelangcb  of  465  nu-  on  a Beckman  Model  ^ apoctroplttOo* 


and  100  ug.  of  S uaa  uaad. 

2ine...Tha  dithlaooe  raathod  (64),  ualng  aodluo  ehloeulfata  as  a 
co^lanlng  egaoC.  woa  uaad  to  datarnlna  2n.  A S-oil.  aliquot,  or  laaa, 
uea  tronaferrad  to  a 20*ml.  vial  with  a polyethylene  top.  One  drop  of 


waa  adiuatad  ulch  3 Ij  MieOH  to  an  approximate  pB  of  5.0.  Two 
a 1 ^ HeOAc  solution  buffered  at  pU  4.8  and  2 ml.  of  a 25  per  cant 


* 5H.0  solution  were  added  end  mixed.  Five  ml . of  e 0.002  per 
vigorously  for  3 minutes.  The  aqueous  layer  was  removed  and  the  organlo 
meter.  Precautions  were  taken  to  perform  this  analysis  In  a darkened 


PbCOAc);  and  a scrubbt 
{72).  The  solution  wj 
was  applied  as  60  ml . 


m blsdl thlocarbamale,— 
le  addition  of  disodium 
used  for  the  determlnat 
was  placed  In  a distill 


a yel 


to  Che  quantity  of 
fashion.  The  samples 

determined  by  the  chromic  acid  oxidation 
were  weighed  Into  a 500mnl.  Erlenmeyer  f 

thoroughly,  and  the  samples  were  allowed  to  stt 
samples  were  diluted  with  150  ml . of  distilled 


TA  as  used  by  Levitsky 
n of  dj thlocarbameie. 

9 flask  with  200  ml.  of 
containing  30  per  cent 


slowly  added  to  Che  mixture, 

s were  compared  to  a standard 
neb  analyzed  in  similar 
ng  a Beckman  Model  B 


added.  Six 


poloc  vtcb  dig  eolutlon  of  Se<lfl^)2<SO^)2*SU20.  The  pec  cent  or  genic 


ml.  of  SjC.jOj  X 0.345. 

exchange  capaclcy  wee  daCemlood  uaiag 


ualog  oauCcat  1 ^ l«4atei  Chen,  Che  tH,,-ione  were  reecved  wlch  e 10 


wee  oade  alkaline  and  cbe  uaa  dlaclllad  inCo  a 4 per  csdC  UgM^ 
aolucloo  and  derated  back  to  ita  erlgl'ial  pH  slth  0.1000  Jj  Kl,  ualng 


a mixed  Indlcacor  of  124  icg.  of  laact^l  rod  and  32  eg.  of  mecl^lone  blue 


oH.  —The  p&  Id  wacar  waa  decemioad  by  weighing  SO  g.  of 


“IB 

air-dry 


adding 


and  read  ac  the  ettd  of  an  hour  on  a Beclonao  2eroaacic  pU  mecer. 


above  with  1 jj  El  being  uaed  la  place  of  Che  dlatllled  wacer. 


Three  30  ml.  allquota  of  leachate  ware  placed  in  a weighing  boctla 
aod  Cahao  co  dryneea  ac  107°C.  after  drying,  Cba  wolgblng  bottle  waa 
placed  In  a deaalcator  until  the  Infrared  analyeia  waa  made. 


26 


speetfophotonscer  using  cl 


a Per kln*E Iner  h( 
vll  technfQue. 


for  several  day 


X>ray  Diffraction  Ar 
sanple  of  alnab  pcarder  at 
of  a 10  per  cent  solution 
>read  over  a petrographic  s 
and  taken  for  X-ray  diffrac 


glycerol,  agitated 
on  analysis  to  the  Chenis 
I by  FIskell  et  (22). 

Physical  Heasu 

Dry  welohts. — After  the  material  had  been  dried  to  a constant 

used.  The  length  of  tine  of  drying  varied  with  the  material. 

of  water  by  the  root  system.  For  smell  root  systems  a lOO-ml.  buret 
was  used,  and  a larger  buret  was  used  when  necessary. 

Soil  moisture. — Soil  moisture  was  determined  by  weighing  approxi- 
mately 50  g.  of  moist  soil  before  and  after  drying  at  MO^C.  The 
moisture  was  expressed  In  percent  and  calculated  on  Che  basis  of  Che 


and  adding  water  until  thoroughly  wet.  The  air  bubbles  were  removed 
by  stopping  the  water  drainage  and  tapping  the  side  while  water  remained 


Kft 


TU*u«  Ssectoaa^ 


uoa  fixed  by  pleclbg  It  la  e 20  ml. -vial 
end  adding  enougb  of  Crof  epdlfied  fixative  to  koep  It  covered,  Tbe 


uaiag.  Componaat  A 


CrOj  ciyltoia,  7 ml.  of  llOAc  iad  92  ml.  of  distilled  Veter.  Tbe  B 
cODpooeot  woe  prepared  from  30  ml.  of  fomeilu  end  70  ml.  of  dletllled 


Pehvdrstton.— Ibo  root  tlaeue  vaa  removed  from  the  fixative 
eolutioD  and  washed  well  with  distilled  water.  Dohydrstioo  ues  obtsitied 


by  piscing  tbe  tissue  for  as  hour  ia  osob  of  the  solutiooe  listed  io 


tbe  table. 


slcobol,  tbs  tissuo  uss  placed  in  a 1:1  mixture  of  tertiery  butyl  slcobol 


paper  conteioor  cbsc  had  been  filled  with  melted  peroffio  which  hod 


^it  procedure  was  ouCllosd  and  eupervised  by  Hr.  Hsrvln 
Alvaros,  a graduate  scudent  io  the  Deportmeoc  of  boteiv  at  the  Oaiversity 


BXFEMHfitCAL  PROCEDURE 

Bf£act  oi  ZlDflb  oo  RouEh  X^non  S«adllDU«  Grown  la 
cbe  heeeoct  or  Miaaiics  o£  a toKlc  CoBcaoCraCloo 
ot  Copper  lo  a Solution  Culture 

An  anperliKDe  wteh  roueh  leaon  Beedllaga  wan  cooducCod  to 


. wea  likelp  to  he  toxic 
n the  greeabouae  with 


30  wlde-uouth  brown  glaaa  Jara  eonCnlnlng  2,000  ml.  o{  the  euCrlent 


deacrlbed  to  Chapter  XZZ,  and  the  rough  lesoon  aeadllnga  aa 
in  Chapter  III.  Prevlaualy  theae  jara  uera  vaalwd  with  a 
. rlaaed  with  tap  water,  rioaod  with  cooeentraced  HjSC^ 
bourn  with  10  per  ceut  B^SO^,  rlnaad  with  cap  water,  and  given 
horAjgfa  rlnalng  with  dlacilled  water.  Air  waa  auppUed  to 
9 from  a cor^raaeoc  and  an  air  tank  where  Cba  air  preaaure 


A regulating  valve  uaa  located  at  the  lead.off  froo  the  tank  for  ad- 


Juatnant  o£  the  air  Plowing  from  Che  tank  through  a manUold  to  eoch  Jar, 


At  each  jar  a acraw  clamp  waa  uaad  Co  adjuac  the  eonclnueua  air  flow 
Iron  a rubber  tube  to  a glaaa  tuba  extandlng  Co  Cba  boCtoai  of 


>{  ^lys 


tllEbC 


32 


s«ecJlln9S  Mere  reinoved  frofn  the  solutions  on  February  18,  1982 

growth  and  roots  were  recorded  and  the  leaves  and  roots  were  prepared 
and  analyzed  as  stated  earlier  In  Chapter  IV. 


The  effect  of  sunlight  on  the  stability  of  zineb  was  studied 
by  exposing  zineb  to  the  sunlight  for  different  periods  of  time  and 

The  exposed  naterlal  was  prepared  from  the  sarr«  cormercial 

the  exception  that  the  exposures  were  8,  32,  58.  or  112  hours  of 
sun! Ight. 


Chernical  analysis  for  stabil I tv. --The  exposed  and  non-exposed 
Chapter  IV. 

X-rav-dl ff ract Ion  anal vsl s for  stabi 1 1 tv. --Samples  of  the  exposed 
zineb  materials  were  analyzed  by  x-ray  diffraction  as  described  In 
Chapter  IV.  Another  sample  of  zineb  was  washed  10  times  with  chloroform 
to  determine  If  the  diffraction  pattern  of  the  Inert  carrier  could  also 
be  ascertained,  A known  weight  of  this  sample  was  ashed  at  A00®C  for 


5 hours.  The  weight  of  th. 


dissolved  In 


Differences 


spAcings  o£  the 


for  purpMa  of  C»U  expocl* 

ftoodlloBO  frooi  oinob  oxpoood  Co  ouolLght  foe  dlfforooc  poclodo  of  tfbe. 


Tha  oqulpaAoe  and  apparatua  uaad  for  tbia  ei^rl 
thac  daaertbad  prorloualy  la  Chapur  V,  Uowevec,  tba 
oaa  radaaltnad  to  aupply  two  groupo  of  Vt  Jara  aacb. 


A cofsplataly  raodoedsod  arqsariiBaatal  daatgD  waa  uaad  for  aaeh 
axpariaeat  eoadoctad,  oaa  balng  at  lovala  of  7 ppo.  Zn  froo  aloob  aod 
tba  otbar  with  L3  ppo.  Zo  aa  aineb.  Tha  traaCaaoea  vara  aioeb  aj^oaed 

cback  vltbouC  ZD.  Tbara  were  4 repUciCteoa  of  each  treaCoaae. 

valghad  end  tba  toot  voLuu  oeaaurcd  before  placlog  lo  Che  Jar  wtth  tha 
traaccaoc.  On  February  Zt,  1962,  Cbaae  aeadllnga  ware  placed  la  tba  Jara 

of  Ca(W)2  whan  oeaded,  Solutloa  lavala  sere  adjuated  to  the  original 


o«u  grsvcli  and  root  •yscooe.  Alter  this,  the  aotlre  pleut,  fraeh  weight 
ot  new  growth,  fresh  weight  of  now  Ueves,  nucher  of  oew  lesves,  ond 

prepared  scd  aoelpzed  os  dooctlbed  In  Chapter  IV. 


Zloeh  to  Che  Soil 


e the  degredetlon  of  rl 


H3h0^,  3 sen^bera  eoatelolng  40  per  cent  Haflii  eod  a floel  ecruhber  with 
4 per  cant  &e(IX)2.  hath  reaction  unit  conaleted  of  a 300-ml.  flash 
cooDOCted  by  rubber  tubing  to  a glaaa  tube  extending  to  the  boctofn  of 
a 5(^1,  teat  tube  containing  the  abaorbant.  A 50-rel.  teat  Cuba  uas 


irtiere  Che  CeaveraCure  was  70  to  7S%,  at  all  tloea.  The  absorption 


bolding 


A cOQ^lAtAly  r«ndoalx«d  aj^^lmanCAl  deAlSQ  cooAlstiog  of  3 aoII 

vorlaclofu  cooflotod  of  tbe  A2  borlAOo  of  tb«  Ponallo  ooll,  Chopoor  XXI. 
■od  tbe  A2  borteoD  of  tbe  fooollo  looculetod  with  Arredowlo  or  Looa  toil 


Tbe  Ponello  soil  vee  ecreeoed  tbrough  a le-nesh  pleetlc  ecceea. 
ml rail  end  placed  In  a pUacic  container  end  Clsbtly  covered  nick  vax 


Co  300  g.  on  e dry  velgbc  baala  une  welgkeci  into  each  of  tbe  S00-ol« 
reaccloo  flaaka.  Tbaaa  500^1.  flnaka  prevloualy  vera  oaahad  vlth 


acid  overnight,  rlnaad  vlth  tep  vecer,  rlneed  with  diatllled  uater. 
and  elr-drled.  Each  flaak  van  tightly  covered  with  vax  paper  until 


Ca(fH)2i  ^ 8*  aucroae,  end  2 ail.  of  a aolutlon  containing  2,6670  g. 
of  CaCKjFO&lg'HgO  end  d.7a00  g.  of  TCI  par  1,000  al,  of  radlatllled 
vatcr  vera  added  Co  each  flaeU.  To  Choee  flank  aaelgnad  the  aineb 
treati'enC  5 el.  of  tln^  aolutlon  containing  A.6S3h  g.  of  69  pec  cant 


Ili^Cl  per  liter  of  redUcllled  vecer.  Thin  vaa  folloved  by  Che 


rodlatlllad 


The  soils  were  brought  to  50-per  cent  saturation  with  retfis* 
tilled  water.  The  asaenbly  of  the  reaction  flasks  was  ccmpleted  by 

of  the  ewperleient  was  from  AprI  I 16,  1962,  to  Hay  21 , 1962.  A 

described  above  eacept  that  sucrose  was  omitted  where  tineb  was  added, 
and  sucrose  was  added  at  the  C content  equivalent  to  that  of  the  zineb 


I by  the  titration  as  shown  In  Chapter  IV.  The  soil  was  removed, 
equivalent  to  Che  zineb  added, 

Hlcrobloloqlcal  ejcoerlwent  2. --The  concentration  of  zineb  was 
above  experiment  Co  Investigate  further 

in  combination  with 

modifications. 


doubled  over  chat  used  Ir 
the  degradation  products  of  zineb 

zineb  In  the  microbial  process.  I 
was  the  same  at  used  In  the  first  experiment 
The  modifications  were  that  60  reaction  units  were  usei 
and  the  was  located  In  the  absorption  train  afcei 


Pomello  soil  was  Inoculated  with  the  Arredondo  extract  as  described 
In  the  first  experiment  and  used  In  this  experiment. 


b6<or9  being  plnced 


On  December  2,  1^1,  sour  orange  seeflllngs  which  were  1-year 
ole  end  kdilch  had  been  selected  by  their  site  and  seem  dlofseter  were 
transplanted  Into  the  Jars.  One  week  later  1,000  pounds  per  acre 
of  fl-2-8  or  the  B-2-8-6.6  fertlllter  was  applied  to  the  respective 
treatments  and  mined  Into  the  soil  surface  while  the  zineb  treatments 
were  applied  to  the  surface  In  a suspension. 

Hg  and  2 materials  with  ^ replications  of  each  treatment.  The  2 rates 
of  Hg  were  0 and  6S  pounds  per  acre,  while  the  two  materials,  zineb 
and  2nS0(,,  were  applied  at  ona  rate  which  was  eciulvalent  to  2n  In  32 

After  30  weeks  the  seedlings  were  harvested  and  the  fresh  weights 

leaves  were  also  noted  and  they,  along  with  the  roots,  were  prepared  and 
chemically  analyzed  as  described  previously  in  Chapter  V. 

a soli  which  had  received  a high  rate  of  Cu  were  Investigated  by  using 
sour  orange  seedlings.  Three-gallon  lysimeter  Jars  were  used  and  these 
had  been  cleaned  as  pravlously  stated  In  Chepter  IV,  These  Jars  were 
filled  with  Arredondo  fine  sand  that  had  been  screened  through  a lb-mesh 
plastic  screen.  After  the  soil  had  been  thoroughly  wat  by  rainfall  and 
allowed  to  dry  out  a little  on  the  surface,  the  6-b-b  ferti  User 

A completely  randomized  experimental  design  was  used  with  4 
treetments  replicated  4 times.  The  treatments  were 


additions  of 


Copper  suHace 


of  200  oounds  of  Cu  per  acre  as  a top-dressing  applied  with  the  ferti- 
lizer and  mixed  In  the  soil  to  a l-Inch  depth.  The  rate  of  zinab  was 
32  pounds  per  acre  of  the  connerclal  product,  Chapter  III,  The  nabam 
was  epuivalent  to  the  dithlocarbanvate  content  of  the  zlneb  used.  Both 
these  treatments  were  top-dressings  Co  simulate  spray  residue.  After 
Che  treatments  were  applied,  the  leachate  experiment  which  Is  described 
subsequently  In  Chapter  V,  was  conducted,  When  approximately  16  I, 
of  rainwater  had  leached  through  these  lysimeter  Jars,  the  leechata 
experiment  was  concluded. 

On  September  10,  1961,  10  sour  orange  seeds,  as  In  Chapter  III, 
were  planted  In  each  lysimeter  Jar  having  the  above  treatments.  When 

chinned  to  5 plants  per  Jar  and  the  B-2-8  and  8«2-8-6.9  fertilizer  were 
applied  sc  the  rate  of  1,000  pounds  per  acre.  Protection  against  frost 
damage  was  the  same  as  described  In  Che  first  Mg  experiment, 

Obsenvaclons  were  made  of  the  seedlings  duning  the  course  of 
the  experiment.  They  were  harvested  on  June  30,  1962  and  the  fnesh 
weight  of  Che  plants,  their  leaves  and  their  roots  were  recorded.  The 
leaves  and  roots  were  prepared  and  chemically  analyzed  as  previously 

leachate  experiment. — A leachate  experiment  was  conducted  to 
determine  If  zlneb,  the  Zn  from  zlneb,  or  the  organic  component  of  the 
zlneb  molecule  would  leach  from  the  soil,  and  If  high  concentrations  of 
Cu  affected  any  such  leaching.  The  equipment,  materials,  end  treatments 
were  described  earlier  In  Chapter  V, 


The  leechace  was  collected  In  gallon  Jugs  and  analyzed  for 
zineb  or  the  dithlocarbanace  as  described  earlier  fn  Chapter  IV,  The 
analysis  of  Zn  frcan  leachates  also  was  made  as  described  before  In 

Vertical  dl str I but  Ion  of  aeolled  rlnc.--Tha  verticel  distribu- 
tion Of  Zn  froei  zineb  or  ZnSOj,  was  deterefned  by  taking  soil  samples 
to  a depth  of  b Inches  at  l-Inch  Increments  from  the  Zn-contalning 
treatments  of  the  previous  experiment.  Chapter  V,  These  soli  samples 
were  extracted  and  analyzed  for  Zn  at  described  earlier  In  Chapter  V. 
The  concentration  of  zinc  at  eech  depth  was  used  to  determine  the 
vertical  distribution  of  the  Zn  compound  applied  to  the  surface  of  Che 
Arredondo  sol  I , 


OMnEIl  TI 


Effect!  of  levels  of  gineb  I soltiElon  cultufg  fn  the  bresenca 


Hea'ur 

Leaf  Composition 

Wnli^T 

le!I"s 

Zn;  Cu  Imo  !fe 

r.  1 u-  1 . ! . 

ppn. 

'Hl'.nV 

ppm. 

* 

I766 

3 

< 

5 

32 

6« 

9B 

2« 

64 

M 

8 

7 

9 

9 

53 

59 

B.9l 

0.73 

0.77 

0.92 

2l> 

.to 

.67 

-97 

0.24 

*f  value  for  significance  Is  l»,25  and  2,77  at  the  I end  5 per 
cent  levels  respectively. 


Effects  of  levels  of  ztneb  In  solution  culture  In  the  cresence 


of 

«ea!nr 

Root  Composition 

VnJnht 

7n  1 r„ 

fin  1 fe 

c. 

1 Hd  ^ R 1 ^ 

6.6 

46.6 

86.6 
176  6 

hi 

3.3 

2.5 

9 

1. 

56 

344 

765 

77 

39 

50 

25 

34 

420 

684 

0. 77 

1. M 

24 

26 

22 

1 

24 

25 
25 

hF 

1j 

*F  value  for  ligniflcance  Is  f>,2;  and  2.77  at  the  I and  5 per 


ich  roou  are  ehown  In  figure  I ubera  the  a. 
acaeearad  througbouC  Cba  root  ayataia  iriUch 


a uaad,  Zloab  daflnttaly  prev« 


haaltblar  la  appaaraiu 


pn.  of 


la  appllae  but  the  rooca  bad  grown  about  ono  cn.  before  tbla 
il  Injury  davalopad,  Ubara  tba  alnab  uaa  abaent  tbe  injury 
trvad  even  earlier  io  tbe  root  developuent.  UarTiatodaa  ware  n 
an  lodicated  by  slcroacopic  enaovloatlon  of  the  roota,  Tbe 
. of  Q.S  ppm.  In  aolution  has  previously  been  eatabllahed  oa 


a (67)  a 


>d  at  tba  bigber  laveli 


ar  developcaot  of  tba  healtt^  and 
copically  by  tbio  tissue  aectloolog* 
2,  Tbo  apical  cells  of  Cba  Injured 


organ  lest  Ion  and  d( 


sfFecced  significantly  by  tl 


cantly  at  the  three  highest 
Celculetlon  of  I 


although  a downward  t 
ontent  of  Cl 


Injury  Indicate  chat  t 
CO  Che  seedling  and  wl 

Che  leayes.  Although 
level  of  6.6  ppm.  of  a 
significantly  by  cl 
1 ncreased  at  the  h 

calculation,  the  Zi 


uptake  by  these  leaves  showed  an  Increase 
WAig  from  the  0 to  the  rate  of  136.6 

end  was  evident,  tovlously  the  Increase 
I Che  corresponding  decrease  in  root 

>ntent  of  the  roots  was  depressed  at  Che 
r P and  hg  concents  were  not  altered 


orptlon  was  Increased  by  roots 
965  and  j.OOOug.  at  levels  of 

118,  76,  and  70u9-  with 
e relationship  of  Zn  and  ' 


froo>  53  ug  wl  thout 

nd  Cu,  was  apparently 
d the  react  Ion  of 


EloBti  la  Uia  ooluCloQ.  Copper 


sufflcleot 


«b8orption  apparently  vaa  Inhlbicad 
alnab,  and  yac  the  leaf  analyaU 
oi  Cu  na  entacing  the  aaedllnea. 


contenC  of  Che  leaf  aa  chi 
due  to  rloeb  iaacclvaclng 


It  tneraaasd.  TUa  vaa  evidently 


TABLE  5 


Efface  pf  levels  zfneb  I r.  K>lutlon  cuTtwrg  on  new  leaf 


TABU  6 

Efface  of  levels  of  ilnaB  in  lolutlor  Culcura  on  root  wii 


I 

Heesiirneanr 

Boot  Composition 

Zlneb 

P^'9ht 

Increes 

Cu 

Hn  1 

r, 

C< 

_aa_ 

SE.6 

126.6 

r.'.luJ 

8? 

35 

LL 

2i6 

6^6 

l« 

703 

27 

17 

6 

7 

51 

52 
31 

}6 

267 

ATS 

7‘17 

1039 

900 

i 

56 

24 

13 

47 

JL 

17 

13 

42 

i 

38 

03 

69 

o!» 

0.23 

o.ia 

*F  value  for  significance  Is  f|.25  and  2.77  at  the  1 and  5 
cent  levels  respectively.  ’ 


SI 

coDCeat  a£  clM  leiiv««  dttrlbuuble  Co  the  clod  lovoU  appUod. 

Ai  liuvD  by  tbe  coot  cag^osUion,  Cbe  Za  coocaac  of  Cbe  cooto 
iBcroatoO  ol^lfLaoDCly  4£  cbe  leyela  of  xloob  loereaeed.  Ac  cbo  aane 
tlae  cbe  Cu  coaCeoC  of  Cbe  rooCe  uei  louered  coaelderably,  Tbic 

coe^ered  Co  2W  ppn.  Aleo  abexe  Cbe  clnob  level  126.6  ppci.,  the  Cu 
wee  ? ppn.  soopeced  Co  22  ppn.  to  Cbe  ftrec  a^rtcau.  There  ues  elao 
a tread  for  Cbe  te  cooCeaC  of  tbe  coot  Co  lacreaae  MM  tla  zlneb  level 
iacreaeed.  There  ^re  no  elgoiflcoat  dtffereocee  la  Cbe  Kg.  Oe.  K.  and 

Che  rente  uu  decreaead  at  cbe  three  htgbaac  tevsla  of  xlaeb, 

Zffeec  of  Zlaab.  ftrpoaeH  Zlneb  and  Zinc  Sulfece 
00  b^c  Orange  Seedllaga  to  a Solution  Culture 

Tbe  eour  orange  aeedllaga  in  Chia  experlcoenC  grav  aore  elouly 
than  cbe  provloualy  deecribed  rough  laoen  aeedllaga.  Tbe  daCa  frco  chla 
a^erlcttDC.  ebovn  la  table  7.  vero  aaaerbled  froo  the  plaaca  which  had 
laltiaCed  oev  grovch.  Aa  ahovn  lo  table,  the  growth  vaa  ooc  ualfocia 
and  chla  reaulted  lo  cenalderable  variability  la  Che  aoalyaea.  Thia 
varlabllley  uaa  aCCrtbuCad  parcly  Co  the  varloua  agaa  of  Che  nav  grovcb, 
but  uaa  eoafouaded  by  root  Injury  reaulclng  froo  a lack  of  aufflclaat 
aeration  cauaed  by  a Cac^orary  failure  lo  tba  air  euppiy.  Thera  cam  an 
lacreaae  lo  Zn  conCaaC  of  the  laavea  uhere  ZnSCl;  and  eapoaed  aloeb  were 
aupplled  and  Co  a leaver  ezteot  ubere  aloab  uoa  uaed.  Thla  waa  alsllar 
to  Cbe  reaulta  aboua  in  Che  pravloua  experloeaca,  TIm  Ze  contone  of  the 


Che  Zof(^ 


aldatably  ^hlgber 
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S3 


merits.  Thfs  trend  was  not  evident  In  the  elneb  tre 
higher  Cu  value  obtained  with  the  highest  level  of 
Cu  value  might  be  attributed  to  the  small  sample  si 
7nSD^  was  used,  the  Cu  content  was  relatively  high 
level.  This  was  higher,  however,  then  that  obtalne 
of  the  exposed  eirteb 


for  a reduction  fi 
le  exposed  zineb  ti 


ably  higher  than  those  In  the  previous  experiment 
species  probably  accounted  for  this  and  other  chang 
conposlilon  resulting  from  the  treatments  In  these 
was  essentially  no  difference  In  Che  Fe,  Cu,  hg,  at 
leaves  frcm  the  different 


difference  In 


The  Tn  content  of  the  roots  increased  greatly  at  the  highest  level 
each  material.  Compared  to  Che  zineb  treatment,  Che  exposed  zineb 
ment  appeared  to  affect  the  2n  concent  of  the  roots  more  readily  a 
Indicated  by  the  greater  Zn  concentration.  Th 
of  the  roots  from  the  ZnSO^  reflected  the  rate 
from  the  zineb  sources.  There  was  not,  however,  the  decided  reduction 

in  the  previous  experiment.  This  behavior  might  have  been  a species 

which  have  been  reported  by  Smith  and  Specht  (67)  as  being  an  efficient 


tglpA  n wv«r«I  r«t««  on 


9ppl Ted, 


Effect  of  Exposure  to  Sunlight  on  ZTneb 
CheolCil  enetyile  for  ttebi I Itv. --Uilno  the  method  as  described  In 
Chepter  IV,  the  recovery  of  zineb  exposed  to  bright  sunlight  for  0,  8, 

32,  58,  and  112  hours  was  100.0,  106.5,  110,1,  92,6,  and  91.0  per  cent, 
respectively.  The  precision  of  this  method  was  not  sufficient  to  Justify 

method  Is  based  upon  the  evolution  of  CSj  by  acid  hydrolysis  upon  heating 
of  zineb  or  certain  of  the  derivatives  of  the  dithlocarbamates.  It  did 
not  distinguish  between  the  meterlal  being  analyzed  and  the  degradation 
products  present.  When  zineb  which  had  not  been  exposed  was  mixed  with 
e slurry  of  fresh  plant  material,  the  zineb  recovery  was  reduced  to  60 
percent.  This  method,  with  variations  In  determining  the  C5  evolved, 
has  beeh  used  to  establish  the  residue  tolerances  on  vegetables  and 
fruits  for  the  dl thiocarbamete  pesticides. 

»-ray  diffraction  analysis  for  stab! I liv.--The  zineb  placed  under 
direct  sunlight  for  various  periods  of  time  gave  practically  Identical 
x-ray  diffraction  patterns,  as  shown  In  table  9.  Obviously  any  rupture  of 
Che  zineb  crystals  was  not  of  sufficient  magnitude  to  destroy  or  shatter 
the  crystal  since  both  the  spacings  and  their  relative  intensities 
remained  unaltered  by  these  exposures.  The  cherecter  of  these  patterns 
Indicated  Chat  the  zineb  crystals  were  well  ordered  and  highly  crystalline. 
Any  surface  deterioration  of  tne  crystals  by  the  action  of  the  sunlight 
was  not  serious  enough  to  alter  the  structure  of  the  zineb  materially. 


4ttfr«cttOd 


Chenicat  dagradatTon  of  cha  crystals  also  inusc  I 
negllgisle  since  Che  relative  Intensities  renair 
spaclngs  were  foneed.  Similarly  the  extraction 
dissolve  Che  tineb.  This  was  conFIrned  by  analy 

containing  the  carrier.  Search  of  the  llceratur 
previously  published  x-ray  dIFFraccIon  pattern 
The  Inert  carrier  of  this  convnerclal  si 
none  of  Che  spacings  could  be  attributed  to  the 
likely  Co  be  used  as  the  carrier.  The  spacing 
since  the  spacings  at  A.37A.  and  2.39*.  “ere  at 
the  sample  was  ashed  at  hOD^C  none  of  the  spacings, 
at  3.30A..  were  alike  chose  in  the  zineb.  Crysti 
diffraction  patterns  after  such  a treatment.  Tt 
mixture  of  2n  compounds  which  probably  Included 
sulfide  and  silicate  crystals.  None  of  these  sp 
Co  a knenm  clay  mineral.  Since  Al  was  very  low 
was  probably  a silicate  such  as  diatonaceous  ear 
have  protected  the  alneb  from  degradation  by  sun 
glolocical  analysis  for  stabi 1 1 cv.»»ln  t 
of  the  rough  lemon  seedlings  appeared  normal  exc 


I chloroform  did  n> 
of  this  product 


I1.82A.  was  not  gibbslte 
t.  SIml larly,  when 

e clays  have  sharp 


ings  were  attributable 


ThI s carrier  might 


experiment,  1 
for  a slight 


Increase  In  2n  concent  of  the  leaves  was  similar  for  zineb  at  all  A 
exposures  but  lower  than  Che  treatment  with  ZnSOf,.  The  Cu  content  of 


receiving  the  exposed 


ilgnlfie«ntly  chaagad  by  the  Za  aources. 
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tit  exposed  zlneb  and  ZnS0>.  applied  at  7 part* 


Materiel 

Eep, 
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*F  valu 

e I 

U. 

5 end 

.or  s 

ficence  et  I pe 

IL 

dntf  3 per  cent  level  $ respective  I , . 

Effects  of  exeoeed  zineb  end  ZnSOi.  ecplled  ei  7 ceets 


cotnposi  t Ion, 


contents  of  the  roots  were  alike  tkoee  found  at  the  lower  2n  level. 

then  the  values  obtained  where  differently  exposed  zlnebs  were  used. 
However,  the  degree  of  sunlight  exposure  of  the  elneb  was  not  apparently 
a factor  In  the  Cu  and  2n  levels  accumulated  by  the  roots  frixn  zineb. 

The  Hn,  K,  and  Mg  contents  of  the  roots  were  significantly  higher  than 
those  of  the  check  or  ZnSO.  treatments,  The  Fe,  Ca,  and  F contents  of 
the  roots  were  not  significantly  different  between  treetnents. 

The  stability  of  the  zineb  was  not  likely  to  have  been  changed 
greatly  by  the  exposure  to  sunlight  since  Che  response  by  the  seedlings 
and  the  chemical  composition  of  both  leaves  and  roots  were  alike  for 
exposures  of  8 up  to  112  hours,  A change  In  the  2n  aval labi 1 1 cy  was 


Zineb  In  the  Soil 
HIcrobioloQlcal  experiment  1 

Soil  analysi s.”The  data  for  Che  first  microbiological  study 
are  shown  In  table  lb.  Significant  amounts  of  Zn  were  extracted  from 
Che  treatments  where  zineb  and  the  Inorganic  Zn  source  were  used. 
According  CO  these  results,  approximately  4 ppm.  of  Che  Zn  applied  as 
an  Inorganic  source  were  fixed  by  the  Pomello  soil  In  the  Incubation 
process.  Assuming  chat  the  same  arwunt  was  fixed  In  the  treatnmnt  where 
zineb  was  used,  Che  5 Ppm,  of  Zn  extracted  plus  Che  4 ppm.  fixed  Indica- 
ted that  probably  3 of  Che  12  ppm  of  Zn  applied  as  zineb  were  released 
In  Che  Incubation  process.  The  NH  -N  extracted  was  significantly  more 

In  the  control.  Approxlnecely  40  per  cent  of  the  N applied  was  recovered 


2nS0f.  applied  «t  li  B*ft^ 


Material 

E»p. 

Measuremenfs 

»r,  «e> 

Welenr. leave 

?n  1 Cv  Inn  ! fa 

j..:  .1 , 

hr. 

9. 

nea. 

ZnSOi, 

Zlneh 

32 

56 

II? 

O.S 

2.9 

h.S 

2.9 

31 

58 

SO 

6o 

59 

53 

3.0 

3.0 

25 

9 

IS 

l< 

69 

71 

53 

V> 

89 

08 

94 

I 

29 

33 

25 

1.87 

1.96 

1.94 

it 

IS 

26 

26 

24 

*f  value  is  k,25  en«  2.7?  for  significance  at  the  1 per  cent  and 
5 per  cent  levels  respectively. 


Effects  of  eeoosed  ilneb  and  ZnSOi.  aeallae  at  II  parts 


Hatenlal 

5..n 

Meas“lmen-s 

. r 

Exp. 

2n  Cv  iMn  Ife 

ZnSOi, 

8 

32 

56 

3 

2.3 

0.6 

5.7 

sih 

too? 

588 

546 

6 

5 

5 

iS 

28 

28 

627 

964 

958 

894 

64 

63 

18 

0.20 

0.27 

o!46 

I 

51 

*f  value  Is  h.25  and  2.77  for  significance  at  the  I per  cent  and 
5 per  cent  levels  respectively. 


Treettsent 

Soil 

6 

0 

0 

7 

ii 

<1.64 

lr>organlc  Zn, 

1 

( 

b 

S 

] 

4 

3 

1. 

56 

Control 

• 

1 

1 

; 

5 

• 

! 

51 

4.65 

J1 

«F  value  for  significance  are  3.26  and  2.30  ac  the  I and  5 
per  cent  levels  respectively. 


InorginJc 


source  was  applied  was  higher  than  the  control,  but  less  then  10  per 
cent  of  that  applied.  The  NDj-N  end  Sfl^-S  were  not  significant  with 
approalnstel]'  egulvalent  amounts  being  extracted  from  all  treatments. 
The  law  quantities  of  S and  N recovered  may  have  been  due  to  the 
organisms  needing  these  elements  for  their  own  growth  and  reproduction. 
The  pH  In  water  of  the  zineb  treatments  was  slightly  lower  than  the 
control.  The  treatments  containing  the  inorganic  source  of  S had  a pH 


In  water  of  approximately  I unit  lower  than  the  other  treatments.  In 
^ KCI  the  pH  of  the  control  and  the  zineb  treatment  were  the  same.  Th 


pH  of  the  treatment  where  the  Inorganic  source  of  S was  applied  was 
approximately  a 0.5  unit  Icawer  than  the  control.  This  lowering  of 
the  pH  where  the  Inorganic  S was  applied  was  the  result  of  the  oxidation 
of  the  S forming  S0^*S  and  also  to  a lesser  extent  due  to  the  acid 
formed  when  NH^-H  has  oxidized  to  Wj-H. 

The  Pomello  soil  reacted  similarly  whether  It  was  not  Inoculated 
or  the  other  2 soil  Inoculents  were  added.  Since  the  energy  source  was 
only  I gm.  of  sucrose  per  300  g.  of  soil  Che  microbial  activity  was 
limited  in  this  30-day  trial.  Zineb  at  this  concentration  of  50  ppm. 


extracted  by  the  10  per  cent  KaCt. 


The  COj  evolved,  shown  in  appendix  cable  8,  was 
treatments  and  variations. 

HIcrobioIoolcal  experiment  2 

SoJ  I analysis. — Results  of  the  soil  eetreecTon 


for  soli 


con^letlng 


second  microbiological 


15.  Approxin 


fTgnIficanC  difference  between 


tionally  Che 
experiments. 


extracted 

(iilcroblologica 


« significant  difference  between  nitrate  extractions 
!d  mainly  to  Che  N released  from  nabam  which  was  llhely 
Co  be  unstable.  In  treatment  9 where  the  Inorganic  sources  plus  Cu 
were  applied  along  with  zineb,  the  MO  *N  was  only  slightly  reduced. 

In  treatment  4 where  zineb  ard  the  Inorganic  sources  were  used  In 
combination,  the  additive  effects  of  treatment  Z and  3 probably 
accounted  for  the  slight  Increase  In  NO^^N  extracted. 

The  significant  differences  between  extractable  SO.-S,  cable  I! 
was  attributable  to  a number  of  treatments.  The  most  predominant  of 
these  was  treatment  9 where  200  ppm.  of  nabam  were  used.  This  was 
approximately  twice  the  amount  obtained  In  treatment  & where  only  100 

zineb,  treatments  4 and  7,  there  *ere  about  b ppm.  of  S0(,-S  compared  to 
the  46  ppm.  calculated  for  ccmplate  degradation  of  Che  zineb. 

treatment  10  which  contains  soil  only,  were  much  lower  than  the  Initial 
pH  at  Che  beginning  of  the  experiment.  The  high  acidities  In  both 


check,  zineb,  and  zineb  plus  Cu, respect Ively.  The  main  source  of  Che 
acidity  arose  from  microbial  byproducts  since  In  this  experiment  10  g. 
of  sucrose  were  added  per  300  g.  of  soil  which  undoubtedly  resulted  In 
a much  higher  microbiological  activity  chan  In  the  previous  trial 


discussed 


ly  evoluc lcn.--The  nfcroblologlc*!  activicles  expressed  a 
,-C  evolved  ere  shcxvn  es  the  average  amount  found  for  eeci 


r effects  on  the  CO^  eve 
id  2 gives  the  effect  of 
h,  S,  and  2n  equivalent 


■ rate  per  day  for  each  Interval  I 
■re  very  significantly  different  I 

■b  addition  on  the  sucrose  decomposition, 
he  loo  ppm,  of  zlneb  Is  the  control, 
be  used  to  compare  the  effect  of  zlneb 
ent  Treatments  5,  6,  and  7 are  for 
S ppm,  of  Cu  In  the  system  where  the 


addition  to  the  system  In  trea 
Che  evaluation  of  the  effect  o 
control  Is  treatment  S,  6 Is  with  zlneb,  and  7 Is  zlneb  plus  the  Inor- 
ganic equivalents.  Treatment  8 Is  100  ppm.  of  naban  and  Its  effect 
Is  comparable  with  treatment  2 which  Is  the  same  rate  of  zlneb,  or  with 
treatment  9,  200  ppm,  of  nabam  plus  zlneb  and  Cu, 

The  addition  of  zlneb  reduced  the  total  C0„-C  produced  during 
the  length  of  Che  experiment  by  31  per  cent  from  the  control,  fig.  3. 

The  rate  of  COj-C  production  which  was  determined  for  Iniervels,  Indica- 
ted that  the  rata  where  zlneb  was  appITad  was  always  lower  than  the 

e inorganic  source  there  was  a stimulation  at 
Che  experiment  but  the  COg-C  production  rate  was  rapidly 
le  next  Interval  and  the  totel  C0--C  produced  wes  16 
en  Che  control.  When  the  Inorganic  source  and  zlneb  were 
reetment  b,  there  was  a reduction  In  totel  COg-C  produced 
The  combined  effects  of  treatments  2 and  3 ere  reflected 
by  a lag  during  the  first  4 days  followed  by  en  Increase 


control,  fig.  5. 


lAlU  16 

coi  r»»ii-t«|«-  f— Ilf  ftnt  II 
la  tfc«  — c«oJ  Mltrahtlil— U«1  «t 
»f  ilMb  nith  8«— Ttaaaa  ml— 


obcctneil 


ifftetlve 


addleton  of  the  Tnorginlt 


ddd) t Ion  of  Cu,  Treatnent  10  was  a treatment  containing  only  soil  and 
water  with  none  of  the  materials  or  energy  source  added. 

The  relatively  high  rate  of  zineb  and  rtabaei  at  the  energy 
level  provided  by  the  sucrose  showed  that  while  these  dl Ihloearbanetes 
did  affect  the  microbial  activity,  after  about  3 weeks  the  Inhibition 
was  largely  overcome.  Either  a tolerance  to  these  materials  was 
developed  by  the  microbial  population  or  the  degradation  process  yielded 
products  relatively  non>toslc  to  these  organisms.  Kabam  was  core  toxic 
than  zineb  under  the  conditions  of  this  experiment. 


Differences  In  treatments  could  not 
visual  comparison  of  the  growing  seedlings, 
reflected  In  the  dry  weight  of  the  leaves  ai 


e was  no  signi ficant 


probably 


for  this  experiment, 
sufficient  portion  of  tl 


Although  the  Hg  content  of  Che  seedlings 


applied. 


18  the  Ca,  P,  K,  Cu,  Hn,  and  Pe  contents  of  the  roots  irere  not  significant. 

Differences  due  to  treatmnts  could  not  be  noted  from  observa- 
tions of  the  growing  seedlings  on  either  soil  type.  The  Ng  addition 


given  In  Cable  19. 


The  roots  appeared  light  In  color  but  no  noticeable  difference 
between  treatments  could  be  seen.  There  was  no  significant  difference 


, the  additions  o' 


Cooper  eaperfm 


patterns  of  minor  element  deficiencies  could  be  seen.  The  predomlnent 

from  a previous  application  of  limestone  to  the  soil  before  it  was 
collected.  After  the  appi Icat Ion  of  an  8-2-8  fert 1 1 Iter  containing  Hg 
and  Hn  as  described  In  Chapter  Ml,  Che  seedlings  outgrew  these  deficiency 

At  Che  time  of  harvest  the  treatments  could  not  be  distinguished 
by  visual  observations.  The 
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Ory 

>f  H»,  OotjC 


Increase  cFie 


The  high  soil  pH  of  6,95  and  organic  content  of  the  soil  rendered  this 
Co  i/navailable  to  the  seedlings.  There  was  no  Increase  In  the  Zn 


portion  of  the  roots, 
this  experlnienc,  but  1 


- *5  stated  previously, 
tineb  with  a sufficient 
saves  was  significant  In 
difference  In  the  Ca,  P, 


for  a reduction  In  Hn  where  Cu  alone  was  applied  but  this  was 
significant. 


There  was  a large  degree  of  non-uni forni tv  In  the  root  growth 


roots  were  not  significant. 


The  leachates  obtained  from  Che  treatments  were  darkened  with 
soluble  organic  matter  from  the  soil.  The  presence  of  this  organic 
colloid  In  Che  leachate  was  brought  about  by  the  atkallne  condition 
produced  from  the  heavy  lining  of  this  soil.  This  was  reflected  In  the 
high  pH  of  Che  leachate  as  shcnvn  in  appendix  cable  14,  The  Zn  and  Cu 
contents  of  the  leachates  varied  and  no  differences  could  be  attributed 
Co  treatments.  Analysis  for  the  presence  of  zineb  In  Che  leachate  by  the 
method  of  Clarke  e^  (g)  Indicated  that  none  was  present. 

Infrared  analysis  of  the  leachate  that  had  bean  taken  to  dryness 
at  lOT^C.  showed  call  narrow  peaks  at  6.1$  and  7.ZSu  and  a wide  peak 


addJ  tloo 


Effect  Cu  addition  with  add  w)  thcut  zl  rieb  T nabdw 


I.iao  ll.ilfro  I 1,5)0  I I.6fa0 


Combined 


from  8-S 

I1.9au  . 


snel  Ur  peaks 
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analyzing  Ucrefnencs  of  soil  to 
after  the  treatraents  had  been  applied, 
of  2n  applied  as  zlneb  or  2nS0  . The 
the  exception  of  the  l-lnch  Increment 
Indicates  that  the  movement  of  zlneb  0 


In  table  24  were  obtained  by 
a depth  of  4 Inches,  }0  weeks 
. The  treatments  were  14,8  ppm, 
values  from  the  Increments  with 
are  approximately  the  same.  This 


surface  application  of  these  materials  could  not  efficiently  be  used 
unless  better  contact  was  made  with  the  root  system. 


Tb«  T»rtte«I  «t«trlbutl»o  »t  Zp  trw  Hath  url  Zo80a 


*Surf*c«  Appllejtlon  of  tbo 


gre«t  a«  wheo  equlvaleac  fran  Z11SG4  wis  uMd.  This  layering  of  elv! 
Cu  conceat  of  the  plane  wao  alnllar  to  chat  reporcad  by  Culnn  and  Jobao 


aa  a cauliflower  lika  knot  at  Clio  tip  of  (lie  aeedllng  rooCa.  nia  Cu 
eooeeoc  of  die  laavea  and  rooca  of  laedUosa  having  chaae  luiota  uoa  high 


r«nca  receiving  aloeb.  Appllcnclooa  of  ZnSO^  did  aoe  coccecC  the  Cu 
Levala  In  Clm  rooCa  or  the  loot  devolopcnooc.  The  Cu  injury  as  reported 
by  Smith  and  Spechc  (67)uaa  Che  pceacace  of  dead  coots* 


Differences  were  not  algnlflcsuc  In  the  conpoalclon  of  the 


8S 

»hef«  ilneb  was  not  applied  and  »aa  not  towered  where  different  rates  of 
Zn  as  ZnSOj^  were  applied.  This  Indicated  that  Che  lowering  of  the  Cu 
concent  of  the  plant  was  due  to  the  zineb  and  not  to  the  excess  absorp* 
tion  of  Cu  In  the  absence  of  applied  Zn, 

In  the  experiment  where  rineb  and  Hg  or  zineb,  ZnCO^  and  Hg 
were  used,  differences  were  not  noted  due  to  treatments,  These  results 
were  probably  mashed  by  previous  fertility  practices  employed  with  this 


tfhen  zineb  was  Incubated  with  the  soil  approximately  60  per  eei 
of  the  Zn  was  calculated  as  being  released.  Ac  the  same  time,  signlfl* 
cant  amounts  of  WH  -N  could  also  be  determined.  This  might  have 
resulted  from  Inhibition  of  nl cri flcaclon  by  zineb  as  found  by 
Jacgues  (38).  The  amount  of  extractable  SO^-S  was  not  sufficient  Co 
conclude  chat  It  was  being  released  from  the  zineb  molecule,  from 

released  In  Che  soil  but  a conclusive  statement  could  not  be  made  aboui 
Che  degree  of  degradation  of  the  zineb  molecule  because  the  ebsence  of 
sufficent  N and  S In  the  extraction  could  be  due  Co  Che  need  of  these 
elements  by  the  microbial  population.  The  Increase  In  HH.-N  where  zinc 
was  used  indicated  that  either  soil  organic 
considerable  degree  of  degradation  and  chat 
to  the  M0^*N  form  completely. 

The  microbial  activity  as  Indicated 
of  was  Icnrered  by  the  addition  of  zin 

Whan  Inorganic  salts  sgulvalent  to  tha  Zn,  N 


not  oxidized 


te  of  evolution 


appi led  along 


only  retarded  during 


First  four 


maintained  the 


days,  but  regained  and 
soli  containing  sucrose  during  the  remainder  of  the  experiment,  as 
shown  In  fig.  I|.  The  rates  of  evolution  of  CO  -C  were  not  signi fleant ly 
different  after  the  first  10  days  of  Incubation  For  the  soil  treatment 
containing  sucrose  with  the  Inorganic  supplement  by  Itself,  or  with  Cu 
added  with  or  without  zineb  addition.  Apparently  the  zirwb  reduced  the 
microbial  activity  during  the  Initial  period  but  the  presence  of  Cu 
prevented  this  reduction.  These  results,  shown  In  fig.  A,  suggested 
that  the  zineb  was  Inactivated  during  the  first  10  days,  These  experi- 
ments were  not  of  sufficient  scope  to  show  what  actually  occurred  In 
the  Inactivation  of  the  zineb. 

The  biological  data  suggested  that  sunlight  did  not  change  the 
zineb  molecule.  The  microbiological  exparlmenis  also  Indicated  probable 
stability  of  the  zineb.  The  x-rey  diffraction  data  confirmed  the 
stability  of  the  zineb  exposed  to  sunlight.  Whereas  nabem  has  bean 
found  to  be  rather  unstable,  zineb  was  rather  stable  In  these  studies. 


CUMTES 


QCl9  affected  by  the 


Cbenlcel  aaelyela  by  the  ii«chod  of  Ciarte^  (9)  for  eln^  gave 
eppcoxlukaCely  the  ees«  reeulte,  ea^reased  ee  C&2I  for  slneb  that  had 
bean  expoaed  for  0,  B,  32,  i6,  mi  112  bouca  to  direct  Buollgbe. 


Here  apaclnga  of  6,87,  4.82,  3.4S,  3,03  aod  4,30  X.  The  carrier  is 
cblorofonn  excracta. 


could  not  be  noted  for  aloab  expoaad  to  ausUght  fren  8 to  112  1«ura 
but  the  creattxiica  contaloing  2c  from  ZuSOj  uero  alightly  chlorotic  and 
contained  koota  at  their  root  clpa,  aa  did  the  cbecka.  The  Zo  cocCeat 
of  the  leavea  aod  roots  of  the  treaCceaCs  receiving  exposed  aloab  uas 


elimenta  rv^ained  ronataiC  1 


A prelinfnnry  microbiological  axpeclDeoc  use  conducted  using 
50  ppo.  of  aloab  and  inorganic  aources  oqulvaloat  to  the  do,  N,  and  S 
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